The effect of thermal diffusion (Soret) and diffusion thermo (Dufour) on the heat and mass transfer characteristic in the mixed convective boundary layer flow of Powell-Erying fluid over a nonlinear stretching surface is investigated. Homotopy Analysis Method is applied to obtain an approximate analytic solution for the velocity, temperature and concentration distribution. The effects of non-Newtonian fluid parameters and δ on the flow, heat and mass transfer are investigated and discussed. It has been found that due to nonlinear stretching of surface and the presence of buoyancy, the Soret number and Dufour number enhance the concentration and temperature in the boundary layer respectively.
Introduction
The study of the boundary layer flow of non-Newtonian fluids on a stretching surface has become a popular research area for its commercial importance. Such fluid flows unremarkably appears in several technological process industries, for example, the continuous stretching of plastic films, coal-oil slurries, metal spinning, metal extrusion, continuous casting, glass blowing, extrusion of a polymer sheet from die etc. Over the last decades, several researchers have investigated the flow analysis of non-Newtonian fluids [1] [2] [3] [4] . However, the relationship between the shear stress and rate of strain in such non-Newtonian fluids are very complicated. There are no single constitutive equations of nonNewtonian fluid to describe all the characteristic of the complex rheological fluids. Powell-Erying fluid models [5] is one of the non-Newtonian fluid which has distinct advantages over other Newtonian fluid as it behaves like viscous fluid in higher shear stress. Here we present some of the previous work concern with the Powell-Eyring fluid. Hayat [6] studied the heat transfer characteristic in a Powell-Erying fluid flow over a moving surface. The boundary layer flow of the Powell-Eyring fluid over a linearly stretching sheet was analyzed by Javed [7] . The flow and heat transfer of Powell-Eyring fluid over a moving surface was examined by Jalil [8] . Malik [9] gave an analytic solution for the steady flow of a Powell-Erying fluid due to a stretching cylinder with temperature dependent variable viscosity.
Recently Rosca [10] investigated the momentum and heat transfer of a Powell-Eyring fluid past over a shrinking porous semi-infinite plate.
The effect of heat and mass transfer in dynamics of fluid flows is an interesting recent area of research recently. These effects are turned over during study of power industry problem like nuclear waste disposal, energy transfer in a wet cooling tower, geothermal energy process etc. It is well known that the energy fluxes are yielded not only by the temperature gradients but also by the concentration gradients. If the energy fluxes (heat transfer) are made by concentration gradients, this phenomenon is called the diffusion-thermo or Duffer effect. On the other hand, mass fluxes are made by temperature gradients is called Soret or thermal diffusion effect. Recently the effects of Soret and Dufour are considered to investigate the various interesting problems [11] [12] [13] [14] .
The purpose of the current studies to analysis the effect of thermal diffusion and diffusion thermo on the flow of Powell-Erying fluid over nonlinear stretching surface. The governing partial equations are reduced into nonlinear ordinary differential equations by suitable similarity transformation. Homotopy analysis method is applied to obtain the analytic solution for velocity, temperature and concentration distributions. Graphical results are analyzed physically for different values of interesting parameters. Consider the laminar mixed convective flow of a non-Newtonian fluid obeying Powell-Eyring model over a non linear stretching permeable surface. For the flow problem, let the x-axis be taken along the surface and y-axis be normal to it. Two equal and opposite forces are applied along the x-axis, so that the wall is stretched nonlinearly keeping the origin fixed. In this situation under the usual boundary layer approximation, the continuity, momentum, concentration and energy equations are reduced to the following equations:
Flow Analysis
Here (u, v) are the velocity components, T is the fluid temperature and C is the concentration. Furthermore, ρ and κ are the density and thermal conductivity of the fluid, respectively. Also C P , D M , T M , K T and C S stands for the specific heat at constant pressure, the coefficient of mass diffusivity, the mean fluid temperature, thermal diffusion ratio, the concentration susceptibility, respectively. The shear stress component τ xy for the Powell-Eyring fluid having the dynamic viscosity μ, material parameters β and γ is given by [8] τ xy = μ ∂u ∂y
The stretching velocity U w , the succussion velocity V w , the wall temperature T w , the wall concentration C w are considered as
Here c, d, A 1 , A 2 are prescribed constants. Therefore, the boundary conditions to the problem are reduced to
On substituting the similarity transformation [15] 
in (2), (3) and (4), we get the following transformed equations:
The boundary conditions become:
Here
is the mixed convection
is the solutal buoyancy parameter, f w = d are the fluid parameters.The physical quantities of engineering interest for the present problem are the skin friction coefficient C f , the local Nusselt number Nu x and the local Sherwood number S h x , which are defined as
On substituting (14) in Eqs. (10), (11) and (12) we obtain
is the local Reynolds number.
Results And Discussion
To analyze the flow, heat and mass transfer behavior inside the boundary layer, Eqs. (10), (11) and (12) are solved analytically by Homotopy Analysis Method [16] . For the convergence of the HAM series solution, we plot the curves of h f , h θ and h φ in Fig.2 for f Figures 3-6 display the effects of thermal buoyancy and concentration buoyancy on the velocity, temperature and concentration distribution in the boundary layer (for S r = D u = 0.2 , f w = 0.1 , Pr = 0.72, S c = 0.5) . It can be seen from Fig.3 and Fig.4 that the fluid velocity increases when λ 1 or λ 2 increases. It has been observed that if the opposing flow increases, f (η) becomes negative in the outer part of the velocity boundary layer, and this situation is valid as the buoyancy force acts on the opposite direction of the stretching motion of the surface. The fluid flow near the vertical surface is proportional to the upward stretching motion of the surface, which is opposed by the negative buoyancy force. The temperature of the fluid inside the boundary layer decreases with the increase in the value of λ 1 (see figure 5) . Similarly, figure 6 shows that the concentration of the fluid near to the plate decreases with increase in the value of λ 2 . It can be observed that when increases, the velocity increases and the temperature and concentration decreases inside the boundary layer. It can be seen that the velocity decreases while the temperature and concentration increases with the increase in δ.
Conclusion
The Soret and Douffer effect on the heat and mass transfer of a purely viscous non-Newtonian Powell-Eyring fluid flow over a non linear stretching in the presence of thermal buoyancy and concentration buoyancy has been analyzed. The transformed nonlinear ordinary differential equations are solved by using Homotopy Analysis Method. The following important observations can be noted as: • Increase in buoyancy leads to increase in velocity and decrease in temperature and concentration.
• Increase in , velocity increases but temperature and concentration decreases.
• Increase in δ has opposite effect on velocity temperature and concentration profile as compare to .
• The temperature increases with increase in the value of D u .
• The increase in the value of S r leads to increase in concentration.
